Background: Prostate cancer will affect 15% to 18% of men in North America and will result in death in 3%. Established curative and palliative treatments for prostate cancer are associated with significant morbidity and cost. For these reasons, prostate cancer is an ideal target for prevention.
(RCTs) published: the Prostate Cancer Prevention Trial (PCPT), 14 the Reduction by Dutasteride of Prostate Cancer Events (REDUCE) trial, 15 and the Selenium and Vitamin E Cancer Prevention Trial (SELECT), 16 which have provided the most robust evidence for prostate cancer prevention. In this article we will review the available literature about chemoprevention of prostate cancer and provide a recommendation based on this evidence.
Methods
We performed a review of clinical trials that have investigated pharmaceutical or nutritional interventions for the prevention of prostate cancer. We searched MEDLINE (using Ovid) and PubMed for articles published from 1996 to August 2010. We identified studies that focused on the use of medications, nutritional supplements, and dietary interventions in the prevention of prostate cancer. We also used the American Cancer Society and National Cancer Institute websites to gather information about cancer statistics.
We used combinations of the following Medical Subject Headings terms: chemoprevention, primary prevention, prostatic neoplasms, testosterone 5-␣ reductase, finasteride, SERMs, vitamins, antioxidants, vitamin E, vitamin D, ascorbic acid, carotenoids, soy milk, soy foods, isoflavones, plant extracts, diet, omega 3 fatty acids, omega 6 fatty acids, dietary proteins, dietary fats, antilipemic agents, anticholesterolemic agents, hydroxymethylglutarylcoenzyme A reductase inhibitors, hydroxymethylglutaryl-coenzyme A reductases. All searches were limited to humans and English language.
In our initial search strategy we did not impose any restriction on the type of study design, and we made an effort to include relevant meta-analyses, review articles, and RCTs. We retained the following types of studies: meta-analyses; RCTs; clinical trials (phase III, IV, multicenter, or single center); practice guidelines; epidemiologic studies; case-control studies; and cohort studies. We identified additional studies by searching manually through references of related review articles and landmark clinical trials. Titles and abstracts identified by the literature search were assessed for eligibility. Studies that could not be excluded based on information contained within the abstract were retrieved in full for further evaluation.
Our search strategy yielded 490 citations. After examining titles and abstracts of the retrieved citations a total of 56 met our inclusion criteria and were included. We identified an additional 5 articles from review of the references of landmark trials and review articles. Articles were excluded because the study was pre-clinical, there were no relevant outcome data, the citation was an editorial comment, or the article described a research protocol only.
Which Pharmaceutical Agents Can Be Considered for Chemoprevention?
The most promising chemopreventive agents for prostate cancer that have been investigated to date are the 5-␣ reductase inhibitors (5-ARIs). The enzyme 5-␣ reductase exists in 2 forms, type 1 and type 2, and is responsible for the conversion of testosterone to dihydrotestosterone (DHT). DHT is a much more active form of testosterone that acts on the prostate and is involved in pathologic conditions such as benign prostatic hyperplasia (BPH) and prostate cancer. The precise etiology of prostate cancer is largely unknown, although it is considered to be a multifactorial disease that requires the presence of DHT as one of the principle factors. The rational for using 5-ARIs in the prevention of prostate cancer stemmed from the observation that men with a mutation in the 5-␣ reductase enzyme did not develop BPH or prostate cancer. 17 This observation, combined with a series of epidemiologic data, showed that certain populations of men, such as African Americans, had increased rates of prostate cancer and had higher levels of circulating androgens, higher levels of 5-␣ reductase, and higher levels of dihydrotestosterone. Conversely, Asian men have the lowest rates of prostate cancer incidence and mortality and have lower 5-␣ reductase activity. 17 Therefore, the first major RCT for the chemoprevention of prostate cancer used the selective type 2 5-ARI finasteride in the PCPT trial.
In the PCPT trial 18,882 men 55 years or older were randomized to receive finasteride 5 mg versus placebo once daily over a 7-year period. The group of men selected for were at low risk for prostate cancer because inclusion requirements included a prostate-specific antigen (PSA) Յ3 ng/L and a normal digital rectal examination (DRE). The primary result of the study was the prevalence of prostate cancer in each arm as diagnosed by prostate biopsy for cause (abnormal DRE or PSA Ն4) or at the end of study. The study showed a 25% relative reduction (6% absolute reduction) in the prevalence of prostate cancer in the finasteride arm compared with placebo. Rates of sexual side effects (decreased volume of ejaculate, erectile dysfunction, loss of libido, gynecomastia) were higher in the finasteride group. In contrast, urinary side effects (BPH, urgency, frequency, retention, prostatitis) were lower in the finasteride group. The unexpected result was an apparent increase in the prevalence of intermediate-or high-grade cancers (Gleason 7 to 10) among the finasteride group, which were 37% versus 22% of the prostate cancers identified in each group, respectively (or, absolute difference of 6.4% vs 5.1% of all study participants). There are many possible explanations for this observation, but the most salient question to answer is, Does finasteride induce high-grade cancer or increase the detection of high-grade cancers?
Several additional analyses of the PCPT data support the claim that finasteride increases detection of high-grade prostate cancer and significantly reduces the occurrence of low-grade prostate cancer. When assessing the performance of PSA for patients taking finasteride compared with placebo, Thompson et al 18, 19 found that PSA and DRE were more sensitive at detecting cancers of any grade among patients taking finasteride. It is also known that finasteride reduces prostate size by 25%, 14, 20 and as such, for the same number of biopsy specimens taken, a larger proportion of the prostate is sampled. If finasteride effectively suppresses the development of low-grade cancers then this will result in the identification of a greater proportion of patients harboring high-grade cancers. Evidence that finasteride does not induce the development of high-grade prostate cancer is offered by Lucia et al 21 in their review of the pathologic characteristics of biopsy specimen from the PCPT trial. They found that when comparing biopsies at a given Gleason grade (Յ6, 7, Ն8), patients in the finasteride arm had a smaller number of cores positive and a smaller percent of each core positive when compared with the placebo arm. In addition, for those patients who were treated with radical prostatectomy after positive biopsy in PCPT, there was no significant difference between treatment and placebo arms in terms of pathologic stage, nodal involvement, or margin status. 22 Overall, based on results from PCPT, it seems more likely that finasteride increases predictive accuracy of PSA in the detection of prostate cancer and decreases the overall incidence of prostate cancer. Similarly, results from the REDUCE trial seem to support this hypothesis ( Table 1) .
The REDUCE investigators sought to assess the utility of dutasteride in the prevention of prostate cancer. The theoretical advantage of dutasteride is that it blocks both type 1 and type 2 5-␣ reductase enzymes compared with finasteride, which blocks only type 1. Inhibiting both isoenzymes of 5-␣ reductase results in a 90% decrease in circulating DHT with dutasteride compared with 70% with finasteride. In addition, type 2 5-␣ reductase enzyme is thought to be more predominant in prostate cancer cells compared with type 1. Therefore, dutasteride theoretically can be an effective preventive agent for prostate cancer.
The REDUCE trial randomized 8231 men between the ages of 55 to 75 years with a PSA between 2.5 and 10 ng/dL and a negative prostate biopsy to receive dutasteride or placebo over a 4-year period. This patient population was considered to be at higher risk of having prostate cancer than the population from the PCPT trial. The primary endpoint of the study was biopsy-detectable prostate cancer at 2 and 4 years. Biopsies were performed at study entry, if clinically indicated, or by protocol at 2 and 4 years. The study showed a 23% decrease in incidence of prostate cancer in the dutasteride group compared with the placebo group (absolute reduction, 5.1%). There were no statistically significant differences in the presence of Gleason 7 to 10 prostate cancer between the 2 groups. The dutasteride arm also showed lower rates of precancerous histologies on biopsy (highgrade intraepithelial neoplasia and atypical small acinar proliferation) compared with placebo. Similar to the PCPT results, dutasteride was associated with increased sexual side effects and decreased urinary side effects. However, the unexpected result in this study was an increase in the incidence of cardiac failure: 0.7% among men taking dutasteride compared with 0.4% of men taking placebo. Two other large RCTs involving 5-ARIs for BPH, the Medical Therapy of Prostatic Symptoms (n ϭ 3047) 23 and Combination of Avodart and Tamsulosin (n ϭ 4838), 24, 25 failed to show any increased risk of cardiac events. Therefore, it is generally considered that the very small absolute increase in risk of cardiac failure seen in the REDUCE trial is an artifactual finding of questionable clinical significance. Nonetheless, this may remain a factor when considering large-scale use of dutasteride for prostate cancer prevention.
The American Society of Clinical Oncology and the American Urological Association have provided the only published guideline on the use of 5-ARIs for the prevention of prostate cancer in 2008. 26 Their recommendations were based on data for a single agent, finasteride, before the publication of data from the REDUCE trial. The guideline concludes that well-informed, asymptomatic men with a PSA Յ3.0 ng/mL who agree to regular screening may benefit from the use of a 5-ARI. However, the guidelines do not recommend the use of 5-ARIs in all men, nor do they suggest a specific trigger to initiate further investigation.
The Food and Drug Administration (FDA) recently has clarified their position with regard to the risk and benefits of 5-ARIs for prostate cancer prevention. 27 The FDA confirms a 23% to 25% relative reduction in overall incidence of prostate cancer with the use of finasteride or dutasteride. However, they caution that the overall reduction in prostate cancer seems to be primarily with low-risk cancers, and there seems to be a small increase in risk of being diagnosed with high-grade prostate cancer among men who take a 5-ARI. They estimate that one additional man for every 150 to 200 men treated will have a diagnosis of high-grade prostate cancer. In light of these findings the FDA did not approve the use of 5-ARI for the prevention of prostate cancer.
Other medications such as NSAIDS, Cox 2 inhibitors, and the SERM toremifene have been studied for prostate cancer prevention. In a large, case control study (n ϭ 1298), Irani et al 28 did not find any protective effect of NSAIDS on prostate cancer. However, a review of the topic by Basler and Piazza 29 did identify several case-control and cohort studies that suggest a protective effect of NSAID use on prostate cancer. To date there are no RCTs investigating the use of NSAIDS for prevention of prostate cancer. Cox 2 inhibitors have been shown to reduce polyp size in colorectal cancer and seemed to be promising for prostate cancer prevention. 29 However, an industry-sponsored phase III RCT of rofecoxib was aborted after the medication was withdrawn from market. 30 Toremifene was studied in a phase II RCT for prevention of prostate cancer in men with high-risk pathologic features on prostate biopsy. The investigators found a 48% decreased incidence of prostate cancer with 20 mg toremifene daily compared with placebo and a favorable tolerability profile after 1 year. 31 However, there are no published phase III trials evaluating the role of toremifene as a preventive agent for the incidence of prostate cancer. Interestingly, toremifene currently is being evaluated in 2 phase III trials of men with prostate cancer receiving androgen deprivation therapy. Interim analysis suggests potential benefit with regard to decreased bone loss and improved lipid profile. 32, 33 Generally, the use of NSAIDs and Cox 2 inhibitors do not seem to have a role in prostate cancer prevention, and the use of SERMs may be a potential option among high-risk populations in the future.
The use of statins also seems promising in the prevention of prostate cancer. A recently published meta-analysis that reviewed a secondary analysis of 6 large RCTs and 13 observational studies concluded that statin use was not associated with over-all prostate cancer incidence but was associated with a decrease in the incidence of advanced prostate cancer (relative risk, 0.77; 95% CI, 0.64 -0.93). 34 These findings have been repeated consistently in smaller cohort and case control studies. Therefore, from the available evidence it seems that statins may play a role in the chemoprevention of aggressive prostate cancers in the future. However, to date our best evidence relies on secondary endpoints of large studies performed to assess the cardiovascular benefits of statins. There has been no RCT designed to primarily assess the role of statins in the prevention of prostate cancer.
Are Dietary Supplements or Diet Modification Effective for Prostate Cancer Prevention?
A multitude of dietary supplements have been evaluated for the prevention of prostate cancer, the best studied of which are selenium and vitamin E (␣-tocopherol). Both selenium and vitamin E are essential nutrients in human health. Their potential role in prostate cancer prevention was made relevant clinically by unexpected findings from 2 large cancer prevention trials. 35 The Nutritional Prevention of Cancer Study was designed to evaluate the role of selenium in the secondary prevention of skin cancer. In subanalyses of patients who received selenium, the study revealed a 66% reduction in prostate cancer incidence over 4.5 years, 36 which continued to show a 49% reduction after 7.5 years. 37 Similarly, the secondary analysis of the ␣ Tocopherol Beta Carotene Cancer Prevention trial, designed to evaluate the effect of vitamin E on lung cancer, found a 32% reduction in prostate cancer incidence among patients in the vitamin E arm. 38 Based on these trials and other supporting studies, the SELECT trial was designed.
The SELECT trial randomized 35,533 men Ն50 years of age with a PSA Յ4 ng/mL and a nonsuspicious DRE. These men were assigned randomly to 1 of 4 groups: selenium, vitamin E, selenium and vitamin E, or placebo. After a median follow-up of 5.4 years the study was stopped because a conclusive finding of P Ͻ .0001 was reached, showing no difference in incidence of prostate cancer across all arms of the trial. In fact, there was a trend (P ϭ .06) toward increased incidence of prostate cancer in the vitamin E arm and increased occurrence of type 2 diabetes in the selenium arm. Selenium also was associated with increased rates of alopecia and grades 1 and 2 dermatitis (P Ͻ .01). In 2 meta-analyses, high-dose vitamin E supplementation has been associated with increased all-cause mortality, 39, 40 although the Physician's Health Study II, a well-designed RCT, did not reproduce this finding. 41 Therefore, there is no evidence that selenium or vitamin E, in their ␣-tocopherol forms, have any benefit in prostate cancer prevention.
Other supplements and diet regimens have been evaluated in RCTs and population-based cohort studies. Vitamin A (beta carotene), vitamin C, and multivitamins have been investigated in the setting of large RCTs. Unfortunately, to date these trials have not provided adequate evidence to recommend their use for prostate cancer prevention. [42] [43] [44] Soy, animal products, calcium, protein, green tea, folic acid, lycopene, and fish consumption all have been evaluated in multiple population and cohort studies, but have failed to yield clear enough results from which to base phase III clinical trials.
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Chavarro et al 46 performed a prospective cohort study based on the Physician's Health Study and found that fish consumption (Ն5 times per week) was not related to prostate cancer risk but was protective of prostate cancer-specific death. Much attention has been given to the use of lycopene based on the result of the Health Professionals Follow-up Study, which demonstrated a decreased risk of prostate cancer with increasing consumption of tomato sauce. 49 However, the Prostate Lung Colorectal and Ovarian Cancer study failed to identify an overall protective effect of lycopene on prostate cancer incidence. 50 It may be that some of these dietary supplements have a beneficial effect in specific populations or clinical situations. However, at this time there is inadequate evidence to recommend any nutritional supplement or dietary regimen for the prevention of prostate cancer (Table 2) .
Conclusion and Recommendation
The prevalence of prostate cancer and the significant morbidity and cost associated with its treatment make it an ideal target for prevention. Many pharmaceutical and nutritional interventions have been investigated. At present there is no suitable evidence to recommend using any specific nutritional supplement or diet to prevent prostate cancer. However, high meat protein and high-fat diet have been associated with increased risk of prostate cancer retrospectively. Unfortunately, lowering meat or fat consumption has not shown benefit with regard to the development of prostate cancer, but it does have clear cardiovascular benefits. The strongest evidence exists to support the use of 5-ARIs for chemoprevention of prostate cancer; however, this indication has not been approved by the FDA. We therefore recommend that, for patients who wish to take a proactive approach to prostate cancer and have an enlarged prostate with voiding symptoms, the only class of medications that can be offered for prevention are 5-ARIs. Men with an enlarged prostate and voiding symptoms may derive the additional benefit of chemoprevention and improved urinary symptoms with the use of a 5-ARI. Men who are taking a 5-ARI should be followed with yearly PSAs and should be made aware of the potential risks, side effects, and benefits that can be anticipated from treatment. A baseline PSA measure should be obtained before the start of therapy with a 5-ARI, and physicians should expect this value to drop by approximately 50% at 6 months. Any persistent rise in PSA while taking a 5-ARI should be considered suspicious and prostate cancer should be ruled out.
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Gaps in the Knowledge
Many aspects of prostate cancer chemoprevention are not well understood. The use of 5-ARIs have shown some benefit, but the optimal duration of therapy and long-term benefit have yet to be defined. In addition, their side effect profile may be unacceptable to some men. There remains a need to investigate the use of other agents that can be effective in the prevention of prostate cancer but may be better tolerated. There are ongoing clinical trials of lycopene, soy, green tea, omega 3 fatty acids, and polyunsaturated fatty acids (www.clinicaltrials.gov). However, these trials are designed to evaluate surrogate makers for the development of prostate cancer and are not powered to examine incidence. As such, they are unlikely to yield a result of clinical significance. In addition, cost-effectiveness studies will be needed to determine the feasibility of using a 5-ARI or another agent on a large scale.
Key Points
• Prostate cancer prevention can be offered to well-informed men who wish to take a proactive approach but should not be offered systematically to all men.
• Only finasteride and dutasteride have been studied adequately to be recommended for use in prostate cancer prevention selectively with highly motivated patients.
• Any rise in PSA while taking a 5-ARI should be considered suspicious and prostate cancer should be ruled out.
